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ABSTRACT 
 Clinical data supporting the benefit of neurodevelopmental treatment (NDT) for 
children with hemiplegic cerebral palsy (CP) is limited due to inconsistencies in 
methodology across studies, including variations in: NDT definitions, intervention 
protocols, and outcome measures (Butler & Darrah, 2001; Graham et al., 2009; Tsorlakis 
et al., 2004). This has led to disagreement in the literature regarding the benefit of NDT 
in children with CP. Several contemporary studies indicate that the NDT approach can be 
effective as a motor and functional intervention for this patient population (Acar et al., 
2016; Tsorlakis et al., 2004; Türker et al., 2015). In contrast, others (Novak et al., 2020) 
have concluded that NDT is not an effective motor intervention for children with CP and 
should be discontinued. In order to support consistency of evidence-based NDT service 
delivery, a clinical guideline project was conducted at Children’s Specialized Hospital in 
the Toms River, NJ outpatient pediatric center. This project was guided by the 
Knowledge to Action Framework (Graham et al., 2006) and involved the creation of 
NDT guidelines, including appraisal of current evidence on NDT for children with 
hemiplegic CP, the proposal of eight essential components of NDT, and 
	
	 vi 
recommendations for evidence-based assessments to track patient progress over the 
course of NDT intervention. Post-Capstone project feedback indicated that key 
stakeholders of the project identified the clinical guidelines as useful and practical. 
Recommendations included the implementation of these guidelines into practice, as well 
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CHAPTER ONE: INTRODUCTION 
1.1 Identification of the Problem 
While the neurodevelopmental treatment (NDT) approach has been widely used 
by occupational therapists for decades (Bobath, 1963), standardized clinical guidelines 
for the use of NDT with children with hemiplegic cerebral palsy (CP) are missing. 
Clinical data supporting the benefit of NDT for children with hemiplegic CP is sparse due 
to variations in methodology between studies, including differences in: NDT definitions, 
intervention protocols, and outcome measures (Butler & Darrah, 2001; Graham et al., 
2009; Tsorlakis et al., 2004). Consequently, disagreement exists in the literature with 
respect to the utility of NDT in children with CP. For example, some studies demonstrate 
that NDT can be an effective approach as a motor and functional intervention for these 
patients (Acar et al., 2016; Tsorlakis et al., 2004; Türker et al., 2015). Whereas, others 
(Novak et al., 2020) have reported that NDT is not an effective motor intervention for 
children with CP and have concluded it should be discontinued. These methodological 
disparities and lack of agreement regarding NDT effectiveness present significant barriers 
to a consistent approach for implementation of NDT in children with hemiplegic CP in 
clinical practice. Occupational therapists at Children’s Specialized Hospital outpatient 
pediatric therapy site in Toms River, New Jersey, were seeking to create and implement 
clinical guidelines for the use of NDT in children with hemiplegic CP. The aim of this 
project was to provide a framework for the formation of clear, evidence-based clinical 
guidelines on the use of NDT for children with hemiplegic CP, and to enable sustainable 




clinical guidelines provides support to the site’s establishment of a Cerebral Palsy Center 
of Excellence.  
Children’s Specialized Hospital identified a goal of providing comprehensive care 
for children with CP within their hospital system. In order to meet this goal, a task force 
was created to support the establishment of a CP Center of Excellence. The task force 
assigned each discipline to create guidelines for the assessment and treatment of children 
with CP. The occupational therapy department approached this task by identifying 
commonly used interventions and approaches, which included NDT. An occupational 
therapy department subcommittee on NDT was subsequently formed to create guidelines 
for NDT in children with CP. As the subcommittee pursued this aim, they found an 
absence of standardized clinical guidelines in current literature for NDT.  The 
subcommittee established as their first aim the implementation of evidence-based 
guidelines for NDT intervention in children with hemiplegic CP, a commonly served 
population by occupational therapists at this site. The subcommittee aligned on the 
establishment of a doctoral project as a promising approach to pursue this aim. 
At the initiation of this doctoral project, an informal needs assessment was 
conducted via interview of occupational therapists at Children’s Specialized Hospital 
who identified a need for evidence-based guidelines for NDT use in their outpatient 
pediatric CP population, specifically for children with hemiplegic CP. This site-identified 
need is supported by current evidence, as a thorough literature search (discussed later in 




with CP. In 2016, Bierman et al. published a book titled Neurodevelopmental Treatment: 
A Guide to NDT Clinical Practice. The book is an important resource and incorporates 
extensive useful information on contemporary NDT, including the theoretical 
underpinnings, the populations that this approach is appropriate for (children with CP, 
adults with stroke or traumatic brain injury), discipline specific information, and case 
studies. While comprehensive, this resource has limitations as it does not serve as a 
useful clinical guide to implementation of NDT for everyday practice. Through this 
doctoral project, concise, evidence-based clinical guidelines, for the implementation of 
NDT in children with hemiplegic CP were created to serve as a resource for occupational 
therapists at Children’s Specialized Hospital in New Jersey, as well as for occupational 
therapists at other sites who work with this patient population.  
1.2 Nature of the Problem 
Multiple precursors have contributed to the lack of standardized treatment 
guidelines for NDT in children with cerebral palsy. NDT practice and theory has evolved 
over time (Bierman et al., 2016, p. 4), and this evolution has contributed to variations in 
definitions, interventions, protocols, and outcome measures for NDT in research and 
clinical practice (Butler & Darrah, 2001; Graham et al., 2009; Tsorlakis et al., 2004). 
These inconsistencies, along with variations in the clinical presentation of individual 
children with hemiplegic CP, are barriers to developing and implementing standard 
methodologies leading to high quality, repeatable studies on NDT treatment efficacy 
(Butler & Darrah, 2001; Novak et al., 2020; Zanon et al., 2019). Together these factors 




controlled trials measuring the effectiveness of NDT for children with hemiplegic CP 
(Acar et al., 2016; Butler & Darrah, 2001; Novak et al., 2020; Tsorlakis et al., 2004). This 
negatively impacts the ability to interpret results across studies and hinders the creation 
of clinical guidelines (see Appendix A for visual model of the problem).  
The lack of clinical guidelines for NDT in children with hemiplegic CP has 
multiple consequences, including: inconsistencies across practitioners, non-optimal 
outcomes for patients, and difficulty designing and implementing consistent high quality 
research studies with repeatable outcomes. The absence of standardized evidence-based 
clinical guidelines may increase the potential for inconsistency across treatment sessions 
and providers and over the course of therapy may limit the child with hemiplegic CP 
from making the maximum possible gains in motor and functional abilities. Taken 
together, these factors (failure to generate repeatable research findings, and the potential 
for non-optimal patient outcomes), may contribute to decreased support and funding for 
future research on NDT. These consequences are then cyclical and become precursors to 
the problem. The creation of standardized evidence-based clinical guidelines may 
mitigate these issues, promote a consistent body of literature, and optimize patient 
outcomes.  
1.3 Theoretical Framework 
In order to address this site-identified need, the Knowledge to Action Framework 
will be utilized (Graham et al., 2006). The importance of clinical guidelines is to bring 
current research and clinical findings into action. This theoretical framework breaks 




implementation of the information in practice. In the Knowledge to Action Framework, 
there are two components: Knowledge Creation and the Action Cycle (Graham et al., 
2006).  
The Knowledge Creation component consists of the following steps which can be tailored 
to a specific research question or audience: 
1. Knowledge Inquiry – seeking out knowledge through research, education, 
experience 
2. Knowledge Synthesis – comparing and contrasting research 
3. Knowledge Tools/Products – creating means to share the knowledge with a target 
audience  
The Action Cycle consists of the following interconnected steps which provide the 
opportunity for continuous improvement: 
1. Identifying a need or problem 
2. Adapting the knowledge to local context 
3. Assessing barriers to knowledge use 
4. Selecting, tailoring, and implementing intervention 
5. Monitoring knowledge use 
6. Evaluating outcomes 
7. Sustaining knowledge use 
These knowledge and action cycles influence each other and the steps may occur in 
various orders as all components impact the others (Graham et al., 2006; see Figure 1). In 




to the creation of clinical guidelines for NDT with children with hemiplegic CP. 
Figure 1: Knowledge to Action Framework (Graham et al., 2006) 
 
1.4 Importance of the Problem for Occupational Therapy 
Neurodevelopmental treatment is an intervention approach that can be delivered by 
occupational therapists, physical therapists, and speech language pathologists. This 
approach is complementary to the expertise occupational therapists have in task analysis 
and sensory processing (Bierman, 2016, pp. 310–312). Occupational therapists have 




performance skills that impact a child’s functioning. According to Bierman et al. (2016), 
“the most important skill a clinician using NDT can develop is the ability to observe and 
measure each individual’s functioning and then create hypotheses about possible causes 
and relationships of findings” (p. 196). NDT intervention is also meant to be function-
based whenever possible to promote motor learning. Creating evidence-based clinical 
guidelines for NDT will provide occupational therapists who work with children that 
have hemiplegic cerebral palsy a useful resource and will support future research to 
further understand the effectiveness of this approach.  
1.5 Background Information on Cerebral Palsy 
In order to understand evidence on NDT for children with cerebral palsy, it is necessary 
to first understand this disorder, the different types of CP, how CP is diagnosed, and 
commonly used therapeutic interventions. A recent, updated conceptualization of CP is as 
follows: 
“Cerebral palsy (CP) describes a group of permanent disorders of the 
development of movement and posture, causing activity limitation, that are 
attributed to non-progressive disturbances that occurred in the developing fetal or 
infant brain. The motor disorders of cerebral palsy are often accompanied by 
disturbances of sensation, perception, cognition, communication, and behavior; by 
epilepsy, and by secondary musculoskeletal problems” (Rosenbaum et al., 2007). 
Cerebral palsy is the most common physical disability in children, impacting 2.1 per 
1000 live births in high-income countries and between 2.0 and 2.9 live births in low and 




1.5.1 Types of CP:  
There are four main types of CP based on movement patterns: spastic, dyskinetic, ataxic 
and mixed CP. 
1. Spastic CP is the most common type of CP, impacting about 80% of individuals 
with CP (CDC, 2019). Spastic CP is caused by damage to the cerebral cortex and 
subcortical white matter and results in spasticity and increased muscle tone 
(Bierman et al., 2016, p. 196). There are three subtypes of spastic CP based on 
which limbs are impacted. Spastic diplegia refers to high tone in the legs, with 
arms being less affected or not affected. Spastic hemiplegia (also referred to as 
hemiparetic CP or unilateral CP) is the most common presentation of CP (40% of 
all CP cases) and refers to high tone on one side of the body, and typically the 
upper extremity is more impacted than the lower extremity (Cerebral Palsy 
Alliance Research Foundation [CPARF], n.d.). Spastic quadriplegia is the most 
severe type of spastic CP as all four limbs have high tone, and the trunk and face 
are often impacted (CPARF, n.d.). 
2. Dyskinetic CP is caused by damage to the basal ganglia and thalamus, and results 
in difficulty controlling movements and fluctuating muscle tone (Bierman et al., 
2016, p. 206). The three types of dyskinetic movements that may occur are: 
dystonia (repetitive, sustained movements), athetosis (slow, writhing movements), 
and chorea (brief, irregular movements) (CPARF, n.d.).    
3. Ataxic CP is caused by damage to the cerebellum and results in poor balance, 




4. Mixed-type CP occurs when there is damage to multiple motor areas of the brain 
and results in symptoms from more than one type of CP (spastic, dyskinetic, 
and/or ataxic) (CPARF, n.d.). 
1.5.2 How is CP Diagnosed 
CP is diagnosed typically within the first two years of life through three steps: 
developmental monitoring, developmental screening, and developmental and medical 
evaluations completed by developmental pediatricians or child neurologists (CDC, 2019).  
1.5.3 Therapeutic Interventions for Cerebral Palsy 
There are many therapeutic motor interventions delivered by occupational therapists and 
physical therapists to help maximize functioning in children with cerebral palsy. 
Commonly used motor interventions for children with CP include early intervention 
programs, child-initiated movement, task-specific training, environmental modifications, 
constraint-induced movement therapy (CIMT), bimanual intensive therapy, splinting and 
casting, hippotherapy, and neurodevelopmental treatment (Tanner et al., 2020). NDT is 
the most widely used treatment approach for children with CP (Acar et al., 2016). 
However, the efficacy of NDT for children with CP is still debated. Due to the common 
use of this treatment method, it is important to utilize current evidence to create clear and 




CHAPTER TWO: CAPSTONE PROJECT 
2.1 Overview of the Project 
In order to establish standardized evidence-based clinical guidelines for providing 
NDT to children with hemiplegic CP, a clinical guideline project was conducted at 
Children’s Specialized Hospital in their outpatient pediatric clinic. This project occurred 
over 14 weeks and involved the following main components: collaboration with site 
occupational therapists, Knowledge Creation, initiating the Action Cycle, and providing 
resources to continue the Action Cycle. The project focused on gathering current research 
evidence alongside clinical expertise of site occupational therapists to inform the creation 
of clinical guidelines for NDT in children with hemiplegic CP (see the Logic Model for 
this project in Appendix B).  
 
2.2 Collaborating with Therapists 
This doctoral project involved ongoing, close collaboration between the 
occupational therapy doctoral student (OT/s) and three key stakeholders at Children’s 
Specialized Hospital: the Capstone student site mentor (Senior Occupational Therapist), 
an occupational therapist who was recently certified in NDT, and the Occupational 
Therapy Department Supervisor. Informal interviews with stakeholders were conducted 
once per week to ensure that the clinical guidelines would be useful and applicable for 
the site and the children whom they serve. The team aligned on modeling the format of 
the NDT guidelines after the published Attention Deficit/Hyperactivity Disorder clinical 
practice guidelines (Subcommittee on Attention-Deficit/Hyperactivity Disorder, & 




NDT-based sessions occurred with these highly experienced occupational therapists (one 
with previous Bobath training, one currently certified in NDT). Following each session, 
discussion on the principles guiding the session and the techniques used during the 
session would occur. As the weeks progressed, there were many opportunities to co-
facilitate the NDT-based sessions. These hands-on experiences and the clinical expertise 
shared by the key stakeholders informed the clinical guidelines and resources created for 
the site. 
2.3 Knowledge Creation 
As described in Chapter 1, Knowledge Creation is one of two components of the 
Knowledge to Action Framework (Graham et al., 2006). The first step in Knowledge 
Creation is knowledge inquiry. For this project, knowledge inquiry consisted of several 
literature searches, which were catalyzed through collaboration with key stakeholders to 
understand site needs. The initial knowledge inquiry area was on the effectiveness of 
NDT (as described in Chapter 3). A subsequent knowledge inquiry area was the 
identification of essential components of NDT. During the final third of the project, the 
need for an assessment resource was identified to help select appropriate evidence-based 
measures to track the progress of NDT intervention for children with CP. Knowledge 
inquiry also included the observation and co-facilitation of NDT-based sessions at 
Children’s Specialized. 
Knowledge Synthesis for each area of knowledge inquiry was the next step of the 
process. For the evidence on intervention effectiveness of NDT, identified literature was 




& Dearholt, 2017). Knowledge synthesis for the identification of essential components of 
NDT occurred through coding and analyzing the components of NDT that were identified 
in the literature (including the articles on intervention effectiveness, an NDT textbook, 
and some NDT descriptive articles) (Acar et al., 2016; Batra et al., 2012; Bierman et al., 
2016; Butler & Darrah, 2001; Lee et al., 2017; Tekin et al., 2018; Tsorlakis et al., 2004; 
Türker et al., 2015; Velickovic & Perat, 2005; Zanon et al., 2018). Once these common 
components were coded and analyzed across the literature, clinical expertise of key 
stakeholders was integrated to refine the list resulting in the proposed eight essential 
elements of NDT intervention. Knowledge synthesis for the evidence-based assessments 
occurred through comparing psychometric properties of the identified assessment tools, 
especially focusing on assessment research with children with cerebral palsy (and if 
available, specifically with hemiplegic cerebral palsy).  
Once the knowledge synthesis step was complete, knowledge tools/products were 
created to share this information with site occupational therapists. The knowledge tools 
created during this project included: 
1. Clinical guidelines on NDT for children with hemiplegic CP (including 
information about NDT, proposed essential components of NDT 
intervention, evidence on NDT effectiveness, and recommended 
assessments) (see Chapter 3).  
2. NDT Guidelines Supplement 1: Assessment Info Table (including a 
description of the assessment, appropriate age range, population, time to 




3. NDT Guideline Supplement 2: Assessment Psychometrics Table 
(including reliability, validity, and other available/pertinent psychometric 
information) (see Appendix D) 
4. Quick Reference Decision-Making Tree for Assessments (see Appendix 
E) 
5. Visual slide presentation on NDT clinical guidelines (see Appendix F) 
6. Additional resources to support the continuation of the Action Cycle 
(Tool to Monitor Knowledge Use, Recommendations for Sustaining 
Knowledge Use) (see Appendix G, see Recommendations in Chapter 5) 
These knowledge tools were created and refined through an iterative process with 
feedback from key stakeholders.  
2.4 Starting the Action Cycle 
The Action Cycle (Graham et al., 2006) consists of seven steps, as listed below. While all 
of these steps did not fit into the 14 weeks of this project, the Action Cycle was initiated 
through completion of the first four steps, and resources were provided to support the 
continuation of this cycle:  
1.     Identifying a Need or Problem – Identification of a need occurred 
through collaboration with Children’s Specialized Hospital occupational 
therapists who identified the need for NDT clinical guidelines to support the 
creation of a CP Center of Excellence. A Pre-Capstone Project Survey was 
administered to three key stakeholders prior to the development of the clinical 




2.     Adapting the Knowledge to Local Context – Through a collaborative 
revision process with site occupational therapists, the clinical guidelines 
created during Knowledge Creation were adapted to the local context of this 
outpatient site by creating key action statements that were evidence-based and 
that key stakeholders believed would be useful and possible to implement.  
3.     Assessing Barriers to Knowledge Use – While assessing barriers to 
knowledge use through collaborative discussion with site therapists, the need 
for a resource on assessments was introduced, which was the catalyst for the 
inclusion of an assessment component of the clinical guidelines (as mentioned 
above in the Knowledge Creation process). 
4.     Selecting, Tailoring, and Implementing Intervention – The clinical 
guidelines themselves served as an intervention to communicate the 
knowledge gathered and refined during the Knowledge Creation process. A 
Post-Capstone Project Survey, consisting of the same questions from the Pre-
Capstone Project Survey, as well as additional questions to elicit feedback on 
the knowledge tools and resources, was administered to the three key 
stakeholders to determine if the established need was filled and to elicit 
feedback (see Appendix I). Additional questions were included in this Post-
Capstone Survey to elicit feedback on the guidelines and other resources. In 
order to effectively convey the Knowledge to site occupational therapists, a 
visual slide presentation was created in PowerPoint and presented, which 




where to find these resources on their shared computer drives. The 
presentation also served as an opportunity to return to the Assessing Barriers 
to Knowledge Use step to elicit feedback through administering the same 
surveys used with key stakeholders.  
5.     Monitoring Knowledge Use – to be completed by the site in the future 
 A tool for monitoring knowledge use was created to support the 
continuation of the action cycle (Appendix G). This observational tool will 
support the individual clinician’s ability to self-assess whether all 8 proposed 
essential components of NDT are being integrated into their treatment 
sessions. This tool will also provide a means of measuring fidelity to NDT 
treatment across practitioners, and will support future research on NDT 
effectiveness. The 4-point rating method was adapted from the Ayres Sensory 
Integration fidelity measure (Parham et al., 2011).  
6.     Evaluating Outcomes – to be completed by the site in the future 
 The assessment resources (Tables and Decision Tree, Appendices C, D, 
and E) will support decision making of best assessment tools to track patient 
outcomes when using NDT intervention with children with hemiplegic CP.  
7.     Sustaining Knowledge Use – to be completed by the site in the future 
 Recommendations for the future were made for a continuous review 
process of the guidelines to incorporate new research, clinical experience, and 





2.5 Continuation of the Action Cycle 
           As mentioned in steps 5–7 of the Action Cycle, resources were created to support 
the continuation of the Knowledge to Action Framework (Graham et al., 2006) after the 
14-week project was completed. The continuation of the Knowledge to Action 
Framework may occur in the future as a process within the practice of individual 
practitioners, or as part of research in the CP Center of Excellence. Individual 
practitioners can utilize the knowledge tools/products to inform their interventions, and 
can evaluate outcomes of these tools by looking at patient progress. The Sustaining 
Knowledge Use step “should set in motion a feedback loop that cycles through the action 
phases” (Graham et al., 2006). Therefore, as clinicians become aware of barriers to 
knowledge use when trying to implement the knowledge presented in the clinical 
guidelines, the Action Cycle can repeat and the guidelines can continue to be revised to 
best serve the needs of the site. Similarly, as new studies are published on the 
effectiveness of NDT for children with hemiplegic CP or on the assessments appropriate 
for use with this patient population, the new information should be appraised and added 
to the clinical guidelines and the assessment chart.  
2.6 Limitations 
There were several barriers to this project, including Children’s Specialized being closed 
for in-person therapies due to COVID-19, which limited time on-site to 7 weeks. This 
barrier was effectively addressed by focusing the project on work that could be 
completed remotely and collaborating with site therapists via email or Zoom for the first 




            Another barrier was the limited high-quality evidence available on NDT. This 
barrier was addressed by utilizing available research and incorporating the clinical 
expertise of occupational therapists at the site to inform the clinical guidelines.  
            A barrier to the site continuing the Action Cycle (monitoring use, evaluating 
outcomes, and sustaining knowledge use) includes limited time in the workday of 
therapists. This barrier has been addressed through creating resources to support the next 
steps in the Knowledge to Action Framework (Chapter 3 and Appendices C, D, E, F, G). 
A future student(s) may be able to support the implementation of current evidence on 
NDT and provide changes to the guidelines as needed by returning to the Knowledge 






CHAPTER 3: NDT Guidelines 
Neurodevelopmental Treatment for Children with Hemiplegic Cerebral Palsy: 
Clinical Guidelines for Occupational Therapists for Intervention and Assessment 
Recommendations 
SUBCOMMITTEE ON NEURODEVELOPMENTAL TREATMENT FOR CHILDREN 
WITH CEREBRAL PALSY 
Abstract 
This document presents clinical guidelines in the practice of neurodevelopmental 
treatment (NDT) based on current evidence and clinical expertise from 
experienced occupational therapists to serve as a resource for occupational 
therapists serving children with hemiplegic cerebral palsy (CP). NDT is an 
approach that considers the person as a whole and involves hands-on, client-
centered, problem-solving to address neuromotor impairments, and is commonly 
used for children with CP and adults who have experienced a stroke or traumatic 
brain injury (Zanon et al., 2018). Clinical data supporting the benefit of NDT for 
children with CP, especially hemiplegic CP, is limited due to inconsistencies in 
methodology across studies and consequently has led to a general lack of high-
level evidence. However, several studies published within the last 20 years 
suggest that the NDT approach may be effective as a motor and functional 
intervention for this patient population (Acar et al., 2016; Tsorlakis et al., 2004; 
Türker et al., 2015). The aggregate quality of evidence on NDT effectiveness for 
children with hemiplegic CP is Quality B (Dang & Dearholt, 2017). Use of reliable, 
valid, and sensitive outcome measures looking at upper extremity function and 
daily functioning is essential to understand how NDT impacts children with 
hemiplegic CP. Occupational therapists at Children’s Specialized Hospital 
identified the need for practical, evidence-based clinical guidelines to support 
increased consistency in the practice of NDT for children with hemiplegic CP. 
Eight essential components of NDT intervention are proposed: 1) hypothesis 
generation, 2) pre- and post-testing of the session outcome, 3) preparatory 
methods, 4) active participation by child, 5) therapeutic handling, 6) function-
based activities, 7) home program development, and 8) prevention of secondary 
impairments (Bierman et al., 2016; Velickovic & Perat, 2005; Zanon et al., 2018).  
Keywords 
Neurodevelopmental Treatment; Bobath; cerebral palsy; hemiplegia; children; 
occupational therapy 
SUBCOMMITTEE ON NEURODEVELOPMENTAL TREATMENT FOR CHILDREN 
WITH CEREBRAL PALSY 
Megan LaFontaine, OT, C/NDT 
Elke van Hooydonk, Senior OT 
Regina Freeman, OT Supervisor 





There is a need for concise and useful, evidence-based clinical guidelines for 
Neurodevelopmental Treatment (NDT) as an intervention for children with 
hemiplegic cerebral palsy (CP). NDT is an intervention approach commonly used 
by occupational therapists in the treatment of children with hemiplegic CP 
(Tanner et al., 2020). CP is the most common physical disability in children, 
impacting 2.1 per 1000 live births in high-income countries and between 2.0 and 
2.9 live births in low and middle-income countries (Zanon et al., 2019). CP results 
in motor impairment of varying severity, and often cognitive and sensory 
functioning impairments are co-occurring (Morgan et al., 2017). Spastic 
hemiplegia is the most common presentation of CP (40% of all CP cases) and 
refers to high tone on one side of the body and typically the upper extremity is 
more impacted than the lower extremity (Cerebral Palsy Alliance Research 
Foundation [CPARF], n.d.). These clinical guidelines will serve as a resource for 
occupational therapy practitioners to utilize current evidence to inform their 
implementation of NDT and their selection of clinically useful assessments.  
Age Range 
Children ages 0–18 who are diagnosed with hemiplegic CP, traumatic brain 
injury (TBI) anoxic, stroke, or other neuromotor disorder resulting in unilateral 
impairment.  
METHODOLOGY 
A subcommittee of the Children’s Specialized Hospital Evidence-Based Practice 
Team (hereafter “NDT subcommittee”) was formed to focus on creating clinical 
guidelines for NDT to support the growth of the Cerebral Palsy Center of 
Excellence. This group included three occupational therapists and one 
occupational therapy doctoral student. The NDT subcommittee met over the 
course of 14 weeks to review current literature and clinical practice. These 
guidelines should be updated through a continuous review process that 
incorporates clinical experience and the latest evidence-based research.   
The NDT subcommittee developed a series of research questions to direct the 
review of treatment-related evidence, which was supplemented by the expertise 
of experienced clinicians.  
The treatment issues focused on were: 
1. What are the essential components of NDT intervention?  
2. What evidence is available on the effectiveness of NDT as a motor and 
functional intervention for children with hemiplegic CP?  
3. What assessments are reliable, valid, and sensitive to change for children 
with hemiplegic CP for evaluation and tracking progress over the course 





Evidence-Review Process for NDT Effectiveness 
The following search engines were used during the literature search: CINAHL, 
OTseeker, APA PsycInfo, and Google Scholar. The search terms used were 
(“neurodevelopmental treatment” OR “bobath”), “cerebral palsy”, ((“children” OR 
“pediatric” OR “child”) AND (“intervention” OR “treatment” OR “therapy” OR 
“program”)).  
Results on intervention effectiveness were narrowed to the last 20 years. From 
the narrowed results, only studies where children with hemiplegic CP made up at 
least part of the population were included. The search yielded six intervention 
studies, one evidence report, and one systematic review (Chapter 3: Appendix I). 
Evidence-Review Process for Essential Components of NDT Intervention  
Following the evidence-review process for NDT effectiveness, the principles and 
components of NDT intervention reported in these publications were examined 
and compared. A focused search for additional literature on NDT principles/the 
Bobath concept principles was completed using GoogleScholar and the search 
terms ("Neurodevelopmental Treatment" OR "Bobath") AND ("children" OR 
"child" OR "pediatric") AND ("principles" OR "components"). Results were 
narrowed to publications since 2000 and sorted by relevance. Bierman et al. 
(2016), a recent and detailed book on contemporary NDT, was identified as an 
excellent resource. Two descriptive studies, Zanon et al. (2018) and Velickovic 
and Perat (2005), reported on the current basic principles of NDT and were used 
as additional resources for the identification of essential components.   
Evidence-Review Process for Assessments 
Assessments were identified using the literature reviewed for NDT effectiveness, 
as well as recommendations from the NDT subcommittee based on their 
experience of assessments that are useful with children with hemiplegic CP. 
Once identified, the most current evidence on reliability, validity, sensitivity to 
change for children with CP, and clinical usefulness was identified using 
GoogleScholar.  
ABOUT THIS GUIDELINE 
Key Action Statements 
The NDT subcommittee has developed three action statements for the use of 
NDT as a therapeutic intervention for children with hemiplegic CP. These action 
statements provide for consistent and quality care for children and families of 
children with hemiplegic CP.  
Context 
These guidelines are intended to be a resource for clinicians at Children’s 
Specialized Hospital in Toms River, NJ and will support future research within 
their CP Center of Excellence. These guidelines may also be useful for clinicians 




clinical guidelines are meant to be a practical, quick and useful resource based 
on current evidence and the expertise of experienced clinicians. The team 
aligned on modeling the format of the NDT guidelines after the published 
Attention Deficit/Hyperactivity Disorder clinical practice guidelines (Subcommittee 
on Attention-Deficit/Hyperactivity Disorder, & Steering Committee on Quality 
Improvement and Management, 2011). The Neurodevelopmental Treatment 
Association provides training and certification in NDT for occupational therapists, 
physical therapists, and speech language pathologists. 
 
BACKGROUND INFORMATION ON NDT 
Neurodevelopmental Treatment 
 
NDT was initially developed around the middle of the last century by Berta and 
Karel Bobath, a physical therapist and a neuropsychiatrist, respectively, as an 
intervention for children with CP (Bobath, 1963; Bobath, 1967). This approach is 
now used with individuals across the lifespan with central nervous system 
disorders of posture and movement, such as CP, stroke, and TBI (Bierman et al., 
2016). This approach is commonly used by occupational therapists, physical 
therapists, and speech language pathologists. This intervention was initially 
referred to as the Bobath approach or Bobath concept and is often still referred to 
by this name outside of North America (Zanon et al., 2018). The Bobath Centre 
in the UK describes the approach in general terms: 
 
“The main aim of treatment is to encourage and increase the child’s ability 
to move and function in as normal a way as possible. More normal 
movements cannot be obtained if the child stays in a few positions and 
moves in a limited or disordered way. The aim of management is to help 
the child to change abnormal postures and movements so that he or she 
is able to comfortably adapt to the environment and develop a better 
quality of functional skills.” (Bobath Centre, n.d.) 
 
When first created, the NDT approach utilized handling techniques to normalize 
muscle tone and motor patterns that were mainly passive for the recipient (Butler 
& Darrah, 2001; Bierman et al., 2016). Over time, the approach has evolved to 
incorporate new understandings of neuroscience and clinical experience and 
now emphasizes the active participation of the recipient (Butler & Darrah, 2001). 
Contemporary NDT is grounded in theories of motor control, motor learning, and 
motor development (Bierman et al., 2016, pp. 19–23).  
 
The Neurodevelopmental Treatment Association (NDTA) offers the opportunity to 
become certified in contemporary NDT through the successful completion of a 6-
week certification course (either for pediatrics or for adults). The NDTA defines 
NDT as: 
 
“a holistic and interdisciplinary clinical practice model informed by current 




handling based on movement analysis for habilitation and rehabilitation of 
individuals with neurological pathophysiology. The therapist uses the 
International Classification of Functioning, Disability, and Health (ICF) 
model in a problem-solving approach to assess activity and participation, 
thereby to identify and prioritize relevant integrities and impairments as a 
basis for establishing achievable outcomes with clients and caregivers. 
An in-depth knowledge of the human movement system, including the 
understanding of typical and atypical development, and expertise in 
analyzing postural control, movement, activity, and participation 
throughout the lifespan, form the basis for examination, evaluation, and 
intervention. Therapeutic handling, used during evaluation and 
intervention, consists of a dynamic reciprocal interaction between the 
client and therapist for activating optimal sensorimotor processing, task 
performance, and skill acquisition to enable participation in meaningful 
activities” (NDTA, 2020). 
Professional Competencies for NDT 
The NDT approach is widely used across the globe in pediatric practices. It is 
highly recommended that practitioners become certified in NDT to gain expertise 
in the most current available information and practices involved in this approach.  
In order to obtain NDT certification, a therapist must take advanced training 
courses on NDT principles, analysis, and hands-on therapeutic techniques (at 
least 100 hours) (NDTA, 2020). Continuing education is required for continued 
certification in NDT (at least 20 hours every 3 years). The professional 
competencies that are required to deliver this intervention are a clear 
understanding of the human movement system, typical versus atypical 
development, postural control and alignment, the International Classification of 
Functioning, Disability and Health (ICF), and activity analysis, as well as the 
ability to implement this knowledge in practice (NDTA, 2020). Certification in NDT 
may also help to increase consistency in research methods as practitioners who 
implement interventions that have the same training are more likely to adopt 
similar approaches. 
 
KEY ACTION STATEMENTS  
FOR NEURODEVELOPMENTAL TREATMENT AS A THERAPEUTIC INTERVENTION 
FOR CHILDREN WITH HEMIPLEGIC CP 
Action statement 1: Clinicians should incorporate as a regular practice eight 
essential components of NDT intervention: 
1) hypothesis generation, 2) pre-testing and post-testing of the individual 
session functional outcome, 3) preparatory methods for engagement in 
motor activities, 4) active participation in child-led motor activities, 5) 
therapeutic handling using key points of control, 6) function-based 
activities, 7) home program development, and 8) prevention of secondary 





● Aggregate evidence quality: B 
● Benefits: The benefits of utilizing these proposed essential components in NDT 
intervention include increased consistency across intervention sessions and 
across practitioners. Having clearly delineated essential components of 
intervention sessions also enables a more standardized approach for future 
research to assess treatment fidelity.  
● Harms/risks/costs: A risk of utilizing specific essential components in NDT 
intervention is the possibility of disagreement/differences of opinion with respect 
to the essential components selected. While the proposed essential components 
were based on the available literature, other practitioners may believe there are 
additional essential components or may disagree with some components that 
were identified.  
● Benefits-harms assessment: The essential components presented are based 
on theories of motor control, motor learning, and motor development. In the 
absence of standardized methods for research protocols in published studies, 
there is presently a lack of evidence regarding what might comprise the essential 
components of NDT intervention. Nevertheless, information from Bierman et al. 
(2016), Velickovic and Perat (2005), Zanon et al. (2018) and the NDT 
subcommittee members’ clinical expertise together aided in the support of the 
selected essential components. The general nature of these 8 components forms 
a basic structure within which NDT may be consistently implemented while 
allowing a tailored approach to the patient by the clinician. The inclusion of pre-
testing and post-testing session outcomes helps clinicians keep track of whether 
or not improvements are being made with this treatment approach for each 
individual patient, and therefore whether or not it should be continued.  
● Value judgments: The committee utilized clinical expertise as well as evidence 
from the previously mentioned intervention studies, descriptive reports, and an 
NDT textbook to inform the identification and descriptions of the 8 essential 
components.  
● Role of patient preferences: A major emphasis of NDT is child-led 
individualized treatment, which allows for the principles of NDT to be 
incorporated into the activities that a child most enjoys or gravitates towards. 
Involvement of the family/caregivers is important throughout the NDT process, 
especially during the development of a home program (Bierman et al., 2016, p. 
152, 178–180). Therapists will consider naturally occurring opportunities in the 




on during intervention sessions, which will allow for crossover to home and 
individualization based on the child and family interests and needs. 
● Exclusions: none 
● Intentional vagueness: none 
Development of Proposed Essential Components of NDT 
Across research on NDT, there are inconsistencies in the definitions of NDT and 
the essential components of this intervention. This vagueness and variability in 
the literature creates a barrier to standardized practice across clinicians and is an 
impediment to high quality research. In 2005, Velickovic and Perat published an 
article in Medicina, in which they reported on the history of NDT, identified basic 
principles, and emphasized the importance of early treatment. In 2016, Bierman 
et al. published a book titled Neuro-Developmental Treatment: A Guide to NDT 
Clinical Practice where they provide extensive information on contemporary NDT, 
the populations that this approach is appropriate for (individuals with cerebral 
palsy, or those who have had a stroke or traumatic brain injury), the theoretical 
underpinnings, discipline specific strategies and information, and case studies. In 
2018, Zanon et al. published a systematic review protocol on NDT effectiveness, 
and reported key components of current NDT practice. However, none of these 
publications have led to established and consistent essential components of NDT 
that are reported and utilized across research and practice.  
The following process led to the proposed eight essential components of NDT. 
First, the candidates for principles/components of NDT were gathered based on 
an analysis of commonalities within NDT intervention studies of children with 
hemiplegic CP (Acar et al., 2016; Batra et al., 2012; Butler & Darrah, 2001; Lee 
et al., 2017; Tekin et al, 2018; Tsorlakis et al., 2004; Türker et al., 2015) and two 
descriptive reports (Velickovic & Perat, 2005; Zanon et al., 2018). Then the 
common principles/components from this literature assessment were compared 
to the extensive information about the NDT intervention process from Bierman et 
al. (2016). Potential components were identified and critically discussed among 
the NDT subcommittee from Children’s Specialized taking into consideration the 
NDT subcommittee members’ collective clinical expertise and experience. The 
committee unanimously agreed upon eight proposed essential components of 
NDT: 1) hypothesis generation, 2) pre-testing and post-testing of the individual 
session functional outcome, 3) preparatory methods for engagement in motor 
activities, 4) active participation in child-led motor activities, 5) therapeutic 
handling using key points of control, 6) function-based activities, 7) home 
program development, and 8) prevention of secondary impairments.  
Eight Proposed Essential Components of NDT 
1. Hypothesis Generation 
In contemporary NDT practice, a multisystems approach is used where a 




various systems (neuromuscular, musculoskeletal, sensory/perceptual, 
respiratory, etc.) that may be impacting their current performance (Bierman et al., 
2016, pp. 78–79). Then the clinician will form and refine a hypothesis about what 
underlying factors and systems are contributing to the child’s motor impairments. 
According to Bierman et al. (2016), “the most important skill a clinician using NDT 
can develop is the ability to observe and measure each individual’s functioning 
and then create hypotheses about possible causes and relationships of findings” 
(p. 196). As the clinician works with the child over time, continued observation 
and analysis of the child will allow the clinician to revise or change the hypothesis 
as needed.   
2. Pre-Testing and Post-Testing of the Individual Session Functional Outcome 
Contemporary NDT emphasizes the importance of setting a session outcome, 
which is one specific, measurable, and functional outcome determined for each 
intervention session that “forms the foundation from which the session is 
planned, designed, implemented, and evaluated” (Bierman et al., 2016, p. 153). 
The session outcome can be revised or changed as needed, but provides an 
“independent, stand-alone measure of performance for the client” and provides 
the necessary scaffolding for motor learning (Bierman et al., 2016, p. 153).  
Pretesting of the session functional outcome occurs at the beginning of the 
session and provides either a baseline for that session or provides an opportunity 
to rethink or modify the selected outcome if it is easily achieved or no longer 
deemed appropriate (Bierman et al., 2016 pp. 155–156).  
Posttesting of the session functional outcome occurs at the end of the session 
and provides an opportunity to analyze and compare the task performance to the 
pretest. This analysis will allow the clinician to identify factors that contributed to 
successful or unsuccessful performance and to identify impairments to focus on 
for continued progress in the next intervention session (Bierman et al., 2016, pp. 
172)  
3. Preparatory Methods for Engagement in Motor Activities 
It is important to provide preparation at the start of the treatment session, and as 
needed throughout the session, to address impaired body structures and 
functions and allow for optimized function (Bierman et al., 2016, pp. 158–159). 
The clinician looks at single system impairments and multisystem impairments 
and hypothesizes which are the highest priority systems interfering with desired 
response (Bierman et al., 2016, pp. 158–159). Single system impairments 
include the regulatory system, sensory system, musculoskeletal system, 
neuromuscular system, respiratory system, cardiovascular system, 
gastrointestinal system, and integumentary system (Bierman et al., 2016, pp. 
159–166). Multisystem impairments include posture and movement systems, 
which are impacted by alignment, base of support, and center of mass (Bierman 




Some examples of preparatory methods used with children with hemiplegic CP to 
elongate muscles to achieve alignment include: stretching, bending, ironing, 
proprioceptive input, and tactile input. Sensory stimulation is also a preparatory 
technique to increase body awareness.  
4. Active Participation in Child-Led Motor Activities 
Active participation by the child is an essential component of NDT based on 
theories of motor learning. In NDT “the patient is active and the therapist is 
guiding and controlling the activity” (Velickovic & Perat, 2005). Bierman et al. 
(2016) reports: 
“Motor learning is enhanced when the learner is actively involved in the 
process. It is not sufficient to passively go through the activity. The level 
of active participation can vary according to the ability of the individual. An 
individual who has more severe and multiple impairments may be actively 
involved in a standing transfer by increasing the push with the extensors 
of the lower extremities and the coactivation of the muscles in the arms 
while supported in standing with arms resting on the therapist’s 
shoulders. Another individual who is more able-bodied may independently 
reach and hold a grab bar with an arm to complete the transfer. It is also 
important to know that active movement does not refer solely to 
consciously directed movements that are readily observable. Anticipatory 
postural adjustments and the compensatory postural adjustments 
performed as part of skilled activities can represent the individual’s active 
involvement in performing a new skill.” (p. 21) 
Motivation is essential for active participation by the child during the therapy 
session, so it is necessary to select intervention activities that the child is drawn 
to or enjoys (e.g. having the child reach for a preferred toy using the affected 
arm). Selecting activities that the child is interested in and motivated by also 
provides the opportunity for repetition of the motor pattern, which is essential for 
motor learning (Bierman et al., 2016, p. 22).   
5. Therapeutic Handling Using Key Points of Control 
Therapeutic handling is an essential component of NDT used in evaluation, 
examination and intervention. Therapeutic handling is defined as “a primary 
intervention that NDT therapists use to assist a client in achieving independent 
function, [which] includes interventions of facilitation and inhibition, which target 
the client’s posture and movement and multisystem impairments” (Bierman et al., 
2016, p. 542). Velickovik and Perat (2005) also reported inhibition/facilitation in 
handling as a basic principle of NDT. The therapist purposefully uses key points 
of control (KPOC) (where the therapist places their hands) as a clinical tool 
(Bierman et al. 2016, p. 157). Bierman et al. (2016) includes a more detailed 
description of therapeutic handling:  
“Therapeutic handling allows the therapist to feel the individual’s postural 
set and responses to shifts in posture and movement during functional 




as the individual learns to perform new tasks, and handling can be used 
as a form of feedback on motor performance. Additionally, the therapist 
can also use handling to facilitate or inhibit specific postures and 
movements … Handling should not be confused with passively moving 
the person through transitions. The individual is always encouraged to be 
as actively involved as possible. The clinician practicing within the NDT 
framework monitors the response to handling and works to reduce the 
amount of handling provided to aid the person in gaining greater 
independence and therefore a better quality of life.” (p. 10) 
Please see Chapter 3: Appendix II for Therapeutic Handling Techniques 
identified and described by clinicians at Children’s Specialized Hospital (Brennan 
et al., n.d.).  
6. Function-Based Activities 
According to theories of motor control which underlie NDT, it is important to 
“provide all intervention within the context of functional activities whenever 
possible” because “movement is organized around functional activity” (Bierman 
et al., 2016, pp. 19–20). Velickovic and Perat (2005) reported that treatment in a 
functional situation “allows the child to repeat and experience normal movements 
in many different ways.” 
7. Home Program Development  
Home program development is an essential component of NDT due to the need 
for repetition of functional motor patterns that a child is working to develop in 
order to optimize the child’s motor learning (Bierman et al., 2016, p. 134). 
Identification of opportunities in the daily life of the family to easily incorporate 
practice of the motor pattern will increase the likelihood of carryover at home.  
Velickovic and Perat (2005) reported that “no amount of treatment can be 
effective unless the progress, which the child makes during the treatment, is 
carried over into his everyday life and activities.” 
8. Prevention of Secondary Impairments 
Prevention of secondary impairments (such as contractures and deformities) is 
also an essential component of NDT intervention. Four studies mentioned 
“preventing musculoskeletal complications” and “prevention of contractures and 
deformities” (Acar et al., 2016, Butler & Darrah, 2001; Tsorlakis et al., 2004, 
Velickovic & Perat, 2005). Bierman et al. (2016) also reports that “NDT’s Practice 
Theory and Practice Model address the impairments underlying participation 
restrictions and activity limitations and stress the importance of the prevention of 
secondary impairment” (p. 458). 
The importance of prevention in NDT intervention also supports the use of 
complementary therapies in conjunction with NDT. For children with CP, the NDT 




casting and neuromuscular electrical stimulation (Butler & Darrah, 2001; Zanon 
et al., 2018).  
Action statement 2: NDT may be an effective intervention to improve motor and 
functional outcomes for children with hemiplegic CP. (quality of evidence B) 
Evidence Profile 
● Aggregate evidence quality: B. 
● Benefits: In five of six experimental or quasi-experimental studies published in 
the last 20 years, significant improvements were seen in motor function for 
children with cerebral palsy following NDT-based intervention. The potential 
benefit of improvements in motor function, as well as the NDT approach being 
appropriate for use in conjunction with other interventions, supports the use of 
this approach.  
● Harms/risks/costs: While some studies support the use of NDT in children with 
hemiplegic CP, there is a lack of high-quality evidence due to inconsistencies in 
methodology that make it challenging to compare results across studies. It is 
essential to continually track progress in patients with consideration given for 
when to continue/discontinue NDT if progress is not occurring over a period of 
sessions. There has been no evidence of negative consequences as a result of 
NDT.  
● Benefits-harms assessment: Due to potential for motor improvements with the 
use of NDT intervention, this approach is supported for use with children with 
hemiplegic CP given consistent tracking to ensure progress is being made.  
● Value judgments: The committee considered clinical experience of this 
treatment approach being effective both independently and in conjunction with 
other interventions. 
● Role of patient preferences: Family preference is essential in determining the 
treatment plan and developing the home program.  
● Exclusions: The literature reviewed and appraised includes studies on NDT-
based interventions with children with hemiplegic CP as part of the population. 
The findings presented may not be generalizable to all types of CP.  
● Intentional vagueness: Vagueness about best-practices for the frequency and 
duration of NDT service delivery exist because there is not sufficient evidence to 




Effectiveness of Neurodevelopmental Treatment  
The basis for this recommendation is a result of the current evidence available 
and the clinical expertise of the NDT subcommittee. The six intervention studies 
published in the last twenty years that included child participants with hemiplegic 
CP suggest that NDT may positively impact motor and functional abilities. The 
2001 evidence report by Butler and Darrah concluded that studies from 1956–
2001 suggest that NDT is not more effective than other interventions it has been 
compared to in research. The systematic review completed by Novak et al. 
(2020) concluded that NDT in its original passive form is not an effective motor 
intervention for children with CP and should be discontinued. Despite the 
unfavorable conclusions from Butler and Darrah (2001) and Novak et al. (2020), 
there have been several recent studies that reflect the more contemporary 
understanding of NDT. Over time, the approach has evolved with new 
understandings of neuroscience and clinical experience and now emphasizes 
active participation of the recipient and utilizes motor control, motor learning, and 
motor development theories (Bierman et al., 2016, p. 4).  
The eight publications identified through the literature review process (see 
Chapter 3: Appendix I) were appraised using the Johns Hopkins Appraisal Forms 
(Dang & Dearholt, 2017). The Johns Hopkins Evidence Level and Quality Guide 
provides detailed descriptions of the different level (I–III) and quality (A–C) 
categories (see Chapter 3: Appendix III). In general, Level I studies are 
experimental, Level II studies are quasi-experimental, Level III studies are non-
experimental, Level IV studies are opinions of respected authorities, and Level V 
studies are experiential/non-research (Dang & Dearholt, 2017). In general, 
Quality A is considered high quality (consistent, generalizable findings and 
recommendations), Quality B is good quality (reasonably consistent results and 
recommendations), and Quality C is low quality (little evidence, inconsistent 
results) (Dang & Dearholt, 2017).  
Of the eight publications identified, three were identified as Level I (Quality A, C, 
A, respectively) (Acar et al., 2016; Batra et al., 2012; Tsorlakis et al., 2004). 
Three articles were identified as Level II (Quality B, C, and B, respectively) (Lee 
et al., 2017, Tekin et al., 2018; Türker et al., 2015; ). One article was identified as 
Level III Quality A (Novak et al., 2020). The final article was identified as Level IV 
Quality C (Butler & Darrah, 2001). Taken together, the aggregate quality of 
evidence for the research literature on NDT for children with hemiplegic CP was 
Quality B (Dang & Dearholt, 2017).  
Of the intervention studies reviewed, three were completed in Turkey, one in 
Greece, one in Korea, and one in India. Five of six intervention studies 
demonstrated significant improvements in primary outcomes (Acar et al., 2016; 
Lee et al., 2017; Tekin et al., 2018; Tsorlakis et al., 2004; Türker et al., 2015). 
Five of six studies used the Gross Motor Function Measure (GMFM), either the 
original 88 item version or the newer 66 item version, as the primary outcome 
measure (Batra et al., 2012; Lee et al., 2017; Tekin et al., 2018; Tsorlakis et al., 




Four of these studies reported significant improvements in GMFM score following 
NDT-based treatment (Lee et al., 2017; Tekin et al., 2018; Tsorlakis et al., 2004; 
Türker et al., 2015) and the fifth demonstrated improvements but did not 
statistically analyze if the improvements were significant for the NDT group 
(Batra et al., 2012). Batra et al. (2012) compared NDT intervention to 
Neurofacilitation of Developmental Reaction (NFDR), a newly developed 
technique. Batra et al. (2012) concluded that the NFDR group made statistically 
significant superior gains in gross motor function and spasticity (using the GMFM 
and Modified Ashworth Scale), but did not include analysis of within group 
differences from pre- to post-intervention for the NDT group. Another issue for 
critical consideration with this study is the similarity between descriptions of 
NFDR and NDT. The Batra et al. (2012) description of NFDR identifies 
preparation and modulation of postural behaviors as central to the approach. 
However, based on the proposed essential components of NDT above, 
preparation and postural control are also highly involved in NDT. It becomes 
unclear then how exactly these approaches differ. For both the NDT and NFDR 
intervention groups, improvements were seen in gross motor function and 
spasticity.  
Results from the repeated-measures study by Acar et al. (2016) of children ages 
6–15 years with spastic hemiplegic CP showed significant improvements for both 
control and intervention groups on multiple assessments of upper extremity 
function after a 6-week NDT program when comparing NDT intervention alone to 
NDT intervention with Wii Games. Three studies of children (age ranges 6–15 
years, 5–15 years, 5–17 years) with spastic CP used the Pediatric Functional 
Independence Measure (WeeFIM) as an outcome measure of independence in 
daily living activities (one study specifically used the Self-Care Domain only) and 
demonstrated significant improvements following NDT-based intervention (Acar 
et al., 2016, Tekin et al., 2018; Türker et al., 2015). While evidence is limited, the 
majority of studies demonstrated positive significant improvements in motor 
and/or functional outcomes following NDT-based intervention, supporting the 
importance of further research (Acar et al., 2016; Batra et al., 2012; Lee et al., 
2017; Tekin et al., 2018; Türker et al., 2015; Tsorlakis et al., 2004). Due to the 
limitations of current evidence, it is important to closely track progress when 
implementing the NDT approach to make adjustments that ensure ongoing 
progress.  
 
The duration and frequency of the NDT programs from the reviewed literature 
varied in length from 6–16 weeks, with treatment sessions 2–5 times per week, 
and sessions lasting 40–60 minutes each (Acar et al., 2016; Batra et al., 2012; 
Lee et al., 2017; Tekin et al., 2018; Tsorlakis et al., 2004; Türker et al., 2015). 
While there is not an evidence-based consensus on the best practices for 
intensity/duration of service delivery for NDT intervention with children with CP, 
two studies specifically looked at comparing different intensities of service 
delivery. A high-quality randomized controlled trial by Tsorlakis et al. (2004) 
compared a 16-week NDT intervention for children with spastic CP delivered 50-
minute sessions to the control group twice weekly versus five times weekly for 




demonstrated significant gross motor improvements (using the Gross Motor 
Function Measure) following intervention and there was a significant group 
difference in favor of the intensive group receiving 5 weekly NDT intervention 
sessions (Tsorlakis et al., 2004). A study by Lee et al. (2017) also saw significant 
gross motor improvements for a higher intensity of NDT delivery (delivered 3 
times per week, 60 minutes per session for three months) for children with 
developmental disability with and without co-occurring CP diagnosis (GMFCS 
Levels I–V) who did not make gross motor improvement after conventional NDT 
(delivered 1–2 times per week, 30 minutes per session for three months). 
Delivering NDT intervention five times a week is potentially challenging for many 
children with CP due to family schedules, practitioner availability, and insurance 
considerations. However, across the 6 studies the most common service delivery 
was two to three times per week over 12 weeks. It is important for clinicians to 
understand that current evidence suggests higher frequency of NDT 
interventions may lead to greater improvements (specifically in gross motor 
skills).   
 
In order to maximize client outcomes, communicating with other clinicians who 
treat that child is important. For example, if a child sees occupational therapy, 
physical therapy, and speech language pathology once every week and all the 
clinicians are utilizing the NDT approach during sessions, then that child is 
receiving NDT intervention three times a week. It is essential to communicate 
across disciplines about how to maximize client outcomes.   
 
The current evidence suggests that NDT intervention may be an effective 
intervention to improve motor function for children with hemiplegic CP and that 
more intensive treatment frequency of 3 to 5 times per week shows greater 
improvement, compared to less frequent treatment.  
Action statement 3: Clinicians should use evidence-based classification systems 
and assessments with psychometric properties shown to be sensitive to change 
in children with CP for evaluation, treatment planning and research. (quality of 
evidence B) 
Evidence Profile 
● Aggregate evidence quality: B. 
● Benefits: Using assessments that have strong psychometric properties and are 
sensitive to change in children with cerebral palsy are essential for understanding 
a child’s skills and for tracking progress over time.  
● Harms/risks/costs: If a clinician selects assessments based on familiarity 
instead of those that are best supported by evidence and relevant to the child’s 
impairments and goals, the child may not make as much progress or the 




● Benefits-harms assessment:  The benefits of capturing a child’s skills and 
functioning outweighs the additional effort by clinicians to be knowledgeable 
about the psychometric properties and clinical usefulness of assessments.  
● Value judgments: The committee members included assessments both from 
NDT literature as well as CP literature.  
● Role of patient preferences: For assessments requiring parent report, family 
members must be willing to participate.  
● Exclusions: None. 
● Intentional vagueness: None.  
Identification of Classification Systems 
Classification systems were identified through the reviewed NDT literature, as 
well as through recommendations of NDT subcommittee members based on 
clinical experience.  
Classification Systems  
● Gross Motor Function Classification System (GMFCS) 
● Manual Ability Classification System MACS (MACS) 
Evidence-based classification systems for clinical development of treatment 
planning and research for cerebral palsy include the Gross Motor Function 
Classification System (GMFCS) and the Manual Ability Classification 
System (MACS). The GMFCS has been shown to be a reliable and valid tool for 
children with CP (Palisano et al., 1997; Bodkin et al., 2013; Ko et al., 2011). The 
MACS has also been shown to be a reliable and valid tool for children with CP 
(Eliasson et al., 2006; Öhrvall et al., 2013). The GMFCS focuses on gross motor 
function while the MACS focuses on hand function. Due to these systems 
classifying two different areas of function, as well as an established poor 
correlation between the two systems for children with hemiplegic cerebral palsy 
(Gunel et al., 2009), it is recommended that both be used to understand both the 
gross motor and manual abilities of a child. These classification systems are also 
useful to inform interventions, goal planning, and in research for sample selection 
and stratification (Palisano et al., 2007; Eliasson et al., 2006).  
Identification of Assessments  
Vargus-Adams and Martin (2009) identified 8 domains to assess the impact of 
intervention for children with CP and Novak et al. (2013) recommended outcome 
measures that are sensitive to change in children with CP according to these 
domains. Other assessments were identified through NDT intervention studies 
and recommendations of NDT subcommittee members based on clinical 




2017; Tekin et al., 2018; Tsorlakis et al., 2004; Türker et al., 2015; Zanon et al., 
2018).  
Recommended Assessments Organized by Domains 
The table below summarizes the Vargus-Adams and Martin (2009) domains and 
recommended outcome measures from: Novak et al. (2013) review, intervention 
studies, and clinical expertise. 











Measures Sensitive to 
Change in CP Children 
(Novak et al., 2013) 
Additional Recommended Outcome 
Measures  
Impairment Spasticity 
- Modified Tardieu 
Scale 









- Manual Muscle Testing (MMT) 
(CE*) 
- Jamar dynamometer (CE*) 
Range of Motion  
- Goniometer (CE*) 
Fine Motor Impairment 
- Melbourne Assessment 2 (CE*)  
- Quality of Upper Extremity 
Skills Test (Acar et al., 2016) 
Multiple Areas (spasticity, strength, fine 
motor)  
- Shriners Hospital Upper 
Extremity Evaluation (SHUEE) 
(CE*) 
Gross Motor Gross Motor Function 
Measure (GMFM) 
Gross Motor Function Measure 
(GMFM) (Batra et al., 2012; Lee et al., 
2017; Tekin et al., 2018; Tsorlakis et 




- Pediatric Evaluation 
of Disability 
Inventory (PEDI) 
- Activities Scale for 
Kids 
Fine Motor Skills 
- Assisting Hand 
Self Care 
- Pediatric Evaluation of 
Disability Inventory - Computer 
Adaptive Test (PEDI-CAT) 
(CE*) 
- Pediatric Functional 
Independence Measure 




Assessment Türker et al., 2015) 
Fine Motor Skills 















- Goal Attainment Scale (GAS) 
(Türker et al., 2015) 
General 
Health 
No recommendation No recommendation 
Quality of Life No recommendation No recommendation 
Caregiver 
Instruments 
No recommendation No recommendation 
*CE = NDT subcommittee members’ recommendations based on clinical 
experience 
Recommended Assessments Organized by Outcome Area 
Below the identified recommended assessments are sorted into five outcome 
areas (biomechanical assessments, gross motor assessments, upper extremity 
assessments, function-based assessments, and individualized assessments). 
Each assessment is described briefly and evidence comparing assessments is 
also presented. 
For specific information about each assessment (description, age range, 
population, strengths, and limitations), please see Guidelines Supplement 1: 
Assessment Info Table. 
For specific information about the psychometric properties of each assessment, 
please see Guidelines Supplement 2: Assessment Psychometrics Table.  
Biomechanical Assessments 
● Goniometer (passive range of motion) 
● Manual Muscle Testing (MMT) 
● Jamar hydraulic dynamometer 




A goniometer is a tool used to measure the available range of motion at a joint 
and has been shown to have good to excellent test-retest reliability and poor to 
moderate interrater reliability for children with hemiplegic CP ages 5–10 years 
(Klingels et al., 2010a). 
Manual muscle testing (MMT) is a test of strength for a target muscle or muscle 
group against force and has been shown to have moderate to excellent interrater 
reliability for upper extremity joints (shoulder, elbow, or wrist) and good to 
excellent test-retest reliability for upper extremity muscles except for shoulder 
abductors (moderate) for children with hemiplegic CP ages 5–15 years (Klingels 
et al., 2010a). However, overall level of evidence was rated as limited through 
COSMIN scoring for methodological quality (Dekkers et al., 2014).  
The Jamar hydraulic dynamometer is a quantitative measure of isometric 
handgrip strength and has been shown to have excellent interrater reliability and 
test-retest reliability for children with hemiplegic CP ages 5–15 years. However, 
overall level of evidence was rated as limited through COSMIN scoring for 
methodological quality (Dekkers et al., 2014).  
The Modified Tardieu Scale is a scale for measuring spasticity and resistance 
to passive and fast movement (Scholtes et al., 2006). Tardieu scales were 
identified as the only valid measures for spasticity (Scholtes et al., 2006). 
However, the interrater reliability is poor to moderate for children with CP ages 
3–16 (Yam et al., 2006; Mackey et al., 2004).  
Gross Motor Assessments 
● Gross Motor Function Measure (GMFM) 
Gross Motor Function Measure (GMFM) 66-item is a criterion-referenced 
observational measure of gross motor function for children with cerebral palsy. 
The GMFM assesses 5 domains of gross motor function (A: lying and rolling, B: 
sitting, C: crawling and kneeling, D: standing, E: walking, running, jumping) that 
are scored based on how much of the task the child can do on a scale of 0–3 (0: 
does not initiate task, 1: initiates <10% task, 2: partially completes 10–99% of 
task; 3: completes 100% of task) (Russell et al., 2000). The original GMFM was 
88 items (GMFM-88). Through Rasch analysis, a newer version 66-item 
unidimensional hierarchical scale was developed (GMFM-66). The GMFM-66 
and has been shown to have excellent test-retest reliability, interscorer reliability, 
construct validity, and responsiveness to change (Russell et al., 2000; Wei et al., 
2006). Minimum Clinically Important Difference (MCID) values have also been 
established for GMFCS levels I–III (Oeffinger et al., 2008).  
Upper Extremity Assessments 
● Melbourne Assessment 2 (MA2) 
● Quality of Upper Extremity Skills Test (QUEST) 
● Assisting Hand Assessment (AHA) 





Evidence-based assessments for clinical developmental of treatment planning 
and research for cerebral palsy include the Melbourne Assessment 2 (MA2), 
the Quality of Upper Extremity Skills (QUEST), the Assisting Hand 
Assessment (AHA), the Shriners Hospital Upper Extremity Evaluation 
(SHUEE), and the ABILHAND-Kids. The MA2, the QUEST, and the SHUEE are 
all capacity-based assessments while the AHA and the ABILHAND-Kids are 
performance-based assessments. A systematic review by Gilmore et al. (2009) 
concludes that the original Melbourne Assessment (and therefore likely the MA2) 
is the best measure of unimanual capacity compared to the SHUEE and QUEST, 
the AHA is the best for bimanual performance in children with hemiplegia, and 
the ABILHAND-Kids has excellent clinical utility and psychometric properties. 
Klingels et al., (2010b) also recommended the use of a capacity-based test, 
performance based-test, and a questionnaire, and specifically gave the examples 
of the MA2, AHA, and ABILHAND-Kids.  
The Melbourne Assessment 2 (MA2) is a criterion-referenced, standardized 
functional performance assessment that was developed for children with 
neurological impairment impacting their upper extremity. For children with CP, 
this assessment has been shown to have excellent test-retest reliability, excellent 
interrater reliability (Wang et al., 2017). Construct validity and concurrent validity 
for children with CP have also been established, and the measure has high 
responsiveness (Wang et al., 2017; Randal et al., 2014).  
The Quality of Upper Extremity Skills (QUEST) is a criterion-referenced 
observation test to evaluate the quality of upper extremity function in four 
domains (dissociated movement, grasp, protective extension, weight bearing) 
and was developed for children who exhibit neuromotor dysfunction with 
spasticity. For children with CP, this assessment has been shown to have good 
to excellent test-retest reliability for each domain, good to excellent inter- and 
intra-rater reliability for total score, moderate to to good inter- and intra-rater 
reliability for individual domains, high total score internal consistency, and strong 
criterion validity (DeMatteo et al., 1993; Thorley et al., 2012a; Klingels et al., 
2008). The QUEST total score may not represent a unidimensional construct and 
therefore each domain alone appears to more meaningfully reflect 
unidimensional constructs (Thorley et al., 2012b).  
The Shriners Hospital Upper Extremity Evaluation (SHUEE) is a 
standardized, video-based evaluation of upper extremity function in children with 
hemiplegic CP that analyzes spasticity, arc of movement, muscular strength, 
spontaneous functional analysis, positional dynamic analysis, and the grip-
release function (Tedesco et al., 2015). This assessment has been shown to 
have strong to very strong inter- and intra-observer reliability for spontaneous 
functional analysis and positional dynamic analysis, and moderate concurrent 
validity (Davids et al., 2006). 
The Assisting Hand Assessment (AHA) is a standardized, criterion-referenced 




obstetric brachial plexus palsy) of bimanual play activities that is used to evaluate 
how effectively a child uses their affected hand with their unaffected hand for 
bimanual task performance (Holmefur et al., 2007). This assessment has been 
shown to have excellent inter- and intra-rater reliability, excellent test-retest 
reliability, very strong person separation reliability, and acceptable construct 
validity (Holmefur et al., 2009; Holmefur et al., 2007; Krumlinde-Sundholm et al., 
2007).   
The ABILHAND-Kids is a criterion-referenced, parent questionnaire to assess 
manual ability for children with CP. Test-retest reliability is good to excellent, 
construct validity has been established, responsiveness is good, and MCID has 
been established (Arnould et al., 2004; de Jong et al., 2018; Bleyenheuft et al., 
2016). The AHA and ABILHAND-Kids do not measure the same aspect of 
manual function, and it can therefore be useful to administer both assessments 
(Bleyenheuft et al., 2016).  
Function-Based Assessments  
● Pediatric Evaluation of Disability Inventory-Computer Adaptive Test 
(PEDI-CAT) 
● Pediatric Functional Independence Measure (WeeFIM) 
● Activities Scale for Kids (ASK) 
The Pediatric Evaluation of Disability Inventory – Computer Adaptive Test 
(PEDI-CAT) is a computerized norm-referenced clinical assessment of function 
in four domains (daily activities, mobility, social/cognitive, and responsibility) and 
is completed by a parent/caregiver or a clinician (Dumas et al, 2012). This is a 
unimanual and bimanual performance and capacity measure (Klingels et al., 
2010b). Excellent test-retest, strong concurrent validity with original PEDI, 
moderate to strong convergent validity between PEDI-CAT domains and 
domains of other established pediatric assessments (Dumas et al., 2010; Dumas 
et al., 2012; Shore et al., 2019).  
The Pediatric Functional Independence Measure (WeeFIM) is an 18-item, 7-
level ordinal scale instrument to assess functional abilities in 6 domains (self-
care, sphincter control, transfers, locomotion, communication, social cognition) 
for children with developmental disabilities. It has been shown to have excellent 
test-retest reliability, good to excellent inter- and intra-rater reliability, high 
responsiveness, and established MCIDs for GMFCS levels I–III (Ottenbacher et 
al., 1996; Ottenbacher et al., 1997; Ottenbacher et al., 2000; Oeffinger et al., 
2008). 
The PEDI-CAT is completed by the parent while the WeeFIM is administered 
through observation and parent interview. The PEDI-CAT and WeeFIM are both 
well-established, reliable and valid instruments to measure function in children 
with CP. 
The Activities Scale for Kids (ASK) is a child self-report measure of physical 




and performance over seven domains (personal care, dressing, other skills, 
locomotion, play, standing, transfers). This assessment demonstrates excellent 
inter-rater reliability between child and parent-report, supporting the child’s 
accurate reporting of their abilities. This assessment also has excellent intra-rater 
reliability and test-retest reliability (Young et al., 1995). Construct validity and 
criterion validity also established as strong to very strong (Young et al., 2000). 
Moderate correlations established between ASK-performance and GMFM and 
GMFCS, supporting construct validity that the ASK is a measure of physical 
functioning for children with CP (Costi et al., 2020). MCID also established 
(Klepper et al., 2011).  
Individualized Assessments 
● Goal Attainment Scaling (GAS) 
● Canadian Occupational Performance Measure (COPM) 
The Goal Attainment Scaling (GAS) is a criterion-referenced approach for 
individualized objective outcome measure where goals are determined and 
standardized scoring is used to determine to what extent goals are met (Law et 
al., 2004). This assessment has been shown to have excellent inter- and intra-
rater reliability for children with CP for gross motor goals. Content validity, and 
construct validity, as well as high responsiveness have been established for 
gross motor goals (Law et al., 2004; Steenbeek et al., 2010).  
The GAS has been shown to be more responsive to change than the PEDI and 
GMFM-66 for children with cerebral palsy (Steenbeek et al., 2011). It is highly 
recommended for use because it detects important changes in activity skills that 
were not captured by standardized measures (PEDI and GMFM-66) alone 
(Steenbeek et al., 2011).  
The Canadian Occupational Performance Measure (COPM) is a semi-
structured interview to identify occupational performance problems and 
satisfaction to address in intervention (Verkerk et al., 2006). In pediatric studies, 
this assessment has been shown to have good responsivity, acceptable 
interrater reliability, weak to moderate concurrent validity with GMFM-66 and 
PEDI change scores, and established MCID (Sakzewski et al., 2007; Pollock et 
al., 2014; Verkerk et al., 2006; Cusick et al., 2007). 
Both the GAS and COPM are sensitive to change in children with hemiplegic CP, 
and poor convergent validity between the two indicate that they measure different 
constructs (Cusick et al., 2006).  
Not Recommended: 
The following were not developed for children with CP or unilateral impairment 
and do not have sufficient published validity and reliability for children with 
congenital hemiplegia, and therefore are not recommended for use with this 




● The Jebsen Taylor Test of Hand Function, the Bruininks-Oseretsky Test 
of Motor Proficiency  
● Peabody Developmental Motor Scales (PDMS)   
CONCLUSION 
This document was created to fill the need for useful, practical clinical guidelines 
on NDT intervention for children with hemiplegic CP. Three treatment issues 
were identified for inclusion in the guidelines and were addressed through the 
creation of three key action statements based on current evidence and clinical 
expertise, as summarized in the table below. 
Treatment Issues to Address Key Action Statement 
What are the essential 
components of NDT 
intervention? 
Clinicians should incorporate as a regular 
practice eight essential components of NDT 
intervention : 1) hypothesis generation, 2) pre-
testing and post-testing of the individual 
session functional outcome, 3) preparatory 
methods for engagement in motor activities, 4) 
active participation in child-led motor activities, 
5) therapeutic handling using key points of 
control, 6) function-based activities, 7) home 
program development, and 8) prevention of 
secondary impairments.  
What evidence is available on 
the effectiveness of DNT as a 
motor and functional 
intervention for children with 
hemiplegic CP?  
NDT may be an effective intervention to 
improve motor and functional outcomes for 
children with hemiplegic CP.  
What assessments are reliable, 
valid, and sensitive to change 
for children with hemiplegic CP 
for evaluation and tracking 
progress over the course of 
intervention? 
Clinicians should use evidence-based 
classification systems and assessments with 
psychometric properties shown to be sensitive 
to change in children with CP for evaluation, 
treatment planning and research.  
The key action statements, evidence profiles, and associated detailed 
information provide a useful and practical resource for occupational therapists 
who work with children with hemiplegic CP. While evidence on the effectiveness 
of NDT as a motor intervention is limited due to inconsistent methodology across 
studies (study design and quality, sample size, definitions/components of NDT), 
there are studies from the past 20 years that indicate that NDT may be an 
effective motor and functional intervention for children with hemiplegic CP. Future 
high level and quality research is needed to understand the effectiveness of NDT 




In order to support the consistency of NDT service delivery across practitioners 
and treatment sessions, as well as to support future research, eight essential 
components of NDT are proposed. These proposed components can serve to aid 
individual clinicians in monitoring their own fidelity to this treatment approach 
across sessions and clients. They can also be used to support future research by 
clearly delineating what NDT intervention consists of, and provides the 
opportunity to monitor fidelity across practitioners.  
Finally, outcome measures were evaluated for reliability, validity, and sensitivity 
to change for children with hemiplegic CP. The recommendations provided will 
support the individual clinician in decision making to select the best available 
assessments to evaluate and track the progress in patients with hemiplegic CP. 
These recommendations will also support future research by supporting 
evidence-based selection of outcome measures that are appropriate for use with 
this population (reliable, valid, sensitive to change).  
In conclusion, these evidence-based clinical guidelines should be used to guide 
the implementation of NDT intervention for children with hemiplegic CP and help 
improve the consistency of this treatment approach within and across clinicians 
to optimize patient outcomes.  
AREAS FOR FUTURE RESEARCH 
The current disparities in research on NDT intervention effectiveness have 
prompted calls for increased rigor in future research to truly understand the 
efficacy of NDT intervention in children with hemiplegic CP. High quality and 
evidence level studies should be conducted that incorporate: consistent methods 
for delivery of NDT, higher numbers of participants, appropriate control groups, 
increased frequency of service delivery, use of evidence-based assessments 
known to be sensitive to changes in this population, and follow-up data after the 
end of intervention  (Acar et al., 2016; Butler & Darrah, 2001, Lee et al., 2017; 
Tsorlakis et al., 2004).  
Abbreviations 
 AHA  Assisting Hands Assessment 
 ASK  Activities Scale for Kids 
 COPM  Canadian Occupational Performance Measure 
CP  cerebral palsy 
GAS  Goal Attainment Scaling 
GMFCS Gross Motor Function Classification System 
MACS  Manual Ability Classification System 
MA2  Melbourne Assessment 2 
 NDT  Neurodevelopmental Treatment 
 NDTA  Neurodevelopmental Treatment Association 
 QUEST Quality of Upper Extremity Skills Test 
 SHUEE Shriners Hospital Upper Extremity Evaluation 





Summary of Key Action Statements 
1. Clinicians should incorporate as a regular practice eight essential components of 
NDT intervention: 1) hypothesis generation, 2) pre-testing and post-testing of the 
individual session functional outcome, 3) preparatory methods for engagement in 
motor activities, 4) active participation in child-led motor activities, 5) therapeutic 
handling using key points of control, 6) function-based activities, 7) home 
program development, and 8) prevention of secondary impairments.  
2. NDT may be an effective intervention to improve motor and functional outcomes 
for children with hemiplegic CP.  
3. Clinicians should use evidence-based classification systems and assessments 
with psychometric properties shown to be sensitive to change in children with CP 





Chapter 3: Appendix I – NDT Intervention Literature 
Author & 
Date 









Population: n = 30 children ages 6–15 years with spastic 
hemiplegic CP  
Frequency and Duration of Intervention: 6 weeks, 
2x/week, 45 minutes/session 
Intervention:  
Control group: NDT (control group) 
Intervention group: NDT + 15 minutes of Wii games (boxing, 
tennis baseball)  
Findings: Both groups showed significant improvements 
following intervention in functional ability (WeeFIM), hand 
speed (Jebsen Taylor Hand Function Test). manual ability 
(ABILHAND-Kids), and dissociated movement (QUEST). The 
intervention group (NDT with Wii games) showed significant 
improvement in all QUEST subgroups (dissociated 
movements, grasp, weight bearing, protective extension).   




Population: n = 30 children ages 6 months to 2 years with 
mild to moderate spastic cerebral palsy (assumed to include 
subpopulation with hemiplegic CP due to measurement of 
tone in upper extremities) 
Frequency and Duration of Intervention: 3 months, 
3x/week, 40 minutes/session 
Intervention:  
Control group: NDT 
Intervention group: Neurofacilitation of Developmental 
Reaction (NFDR)  
Findings: Both groups demonstrated improvements in 
muscle tone (Modified Ashworth Scale) and gross motor 
function (GMFM). The NFDR group showed significantly 
superior improvements compared to the NDT group.  





Evidence Report on 21 NDT studies for children with CP 
from 1956–2001 
Findings: NDT is not shown to have an advantage over 
other treatment approaches that it has been compared 
against. Report that “it is difficult to evaluate the 





effectiveness of any motor therapy approach for a host of 
reasons” including that treatments are not delivered in a 
standardized measure, procedures are dependent on 
therapists’ skill level and specific aims, the child’s family 
impacts outcomes, use of different outcome measures 
across studies, and NDT has evolved over time and is often 
combined with other techniques.  
Lee et al. 
(2017) 
Population: n = 42 children ages 3–7  
Group 1: developmental disability (DD) and co-occurring 
spastic CP (n = 24) (33% unilateral CP, n = 8)  
Group 2: developmental disability without CP (n = 18) 
Frequency and Duration of Intervention: 3 months of 
conventional NDT (1–2x/week for 30 minutes/session) 
followed by 3 months of intensive NDT (3x per week for 60 
min/day), followed by conventional NDT 
Intervention: NDT (Selected patients who did not show 
improvements in gross motor function (GMFM) with 
conventional NDT to participate in intensive NDT) 
Findings: Both groups experienced significant 
improvements in gross motor function (GMFM) following 
intensive NDT, supporting the use of intensive services 
delivery. Improvements were maintained in both groups with 
return to conventional NDT. No significant differences seen 
between groups.  




Systematic Review of interventions for children with cerebral 
palsy 
Findings: NDT “in its original passive form” is given a Red 
Light (“don’t do it, stop intervention”) as a motor intervention 
for children with CP 




Population: n = 15 children ages 5–15 years with spastic CP 
(47% hemiplegic CP) 
Frequency and Duration of Intervention: 8 weeks, 
2x/week, 60 minutes/session 
Intervention: NDT-based posture and balance training 
Findings: All participants experienced significant 
improvements in gross motor function (GMFM), balance 
abilities (Pediatric Berg Balance Scale), independence in 
daily living activities (WeeFIM), and seated postural control 
(Seated Postural Control Measure) following intervention.  





Population: n = 34 children ages 3–14 with spastic CP (29% 
hemiplegic CP, n = 10) 
Frequency and Duration of Intervention: 16 weeks 
Group A: 2x/week for 50 minutes/session 





Group B: 5x/week for 50 minutes/session 
Intervention: individualized NDT treatment 
Findings: Significant improvements in gross motor function 
(GMFM) in both groups. Significant group difference with 




Population: n = 26 children ages 5–17 years with spastic CP 
(31% hemiplegic CP, n = 8) 
Frequency and Duration of Intervention: 12 weeks, 
3x/week 
Intervention: Goal-Directed Therapy (GDT): approach 
involving individualized goals and phased grading based on 
motor control framework and NDT approach 
Findings: Significant improvements following intervention in 
gross motor function (GMFM), self-care, transfer, and 
locomotion (domains of WeeFIM), and functional 
independence (total WeeFIM). Significant improvements in 
many Child Health Questionnaire (CHQ-PF50) subscales 
(physical function, role limitations due to the emotional/ 
behavioral causes, pain, behavior, mental health, self care, 
general health, and family activities) but no change seen in 
other subscales (role limitations due to the physical causes, 
family harmony, emotional impact on parents, and influence 
on time of parents). No change in muscle tone (Modified 
Ashworth Scale).  
 
Goals for Goal Attainment Scaling involved self-care 
(15.4%), physical activity (17.9%), locomotion and transfer 
(37.2%), social status and living activities (29.5%). Overall, 
76.9% of identified goals were reached.  






Chapter 3: Appendix II – Therapeutic Handling Techniques (Brennan et al., n.d.) 
Handling is essential during examination and treatment because it: 
1. Allows the clinician to feel the patient’s response to changes in posture and 
movement 
2. Allows the clinician to facilitate postural control and movement synergies 
3. Allows the clinician to provide boundaries for movements that distract from the 
goal/outcome 
4. Allows the clinician to inhibit or constrain undesirable motor patterns that lead to 
secondary deformities, further disability, or decreased participation in society 
5. The clinician consistently guides and modifies treatment according to the 
individual’s response to the strategies selected in order to reach a functional 
outcome 
Goals of Handling 
The primary goal of handling is to facilitate function. Handling allows the clinician 
to teach new and more efficient movement patterns and variability. It provides the 
opportunity for repeated practice with less and less assist for the child to learn 
the new motor pattern and strengthen that neural pathway.  
Base of Support and Center of Mass 
Base of support (BOS) – all points of the body in contact with the surface and the 
area on the surface between the points 
Center of Mass (COM) – point of a supported body at which the total mass is 
considered concentrated 
The goal is always energy efficiency with small excursions of center of mass 
versus energy cost with large excursions of center of mass. 
Small BOS with movement of COM on diagonals and within all 3 planes of 
movement in most energy efficient. 
Key Points of Contact 
Key Points of Contact (KPOC) – place from which the therapist provides input to 
facilitate, inhibit, or mobilize. 
KPOCs may be proximal or distal, may break up total patterns, may assist 
voluntary and selective movements, are interchangeable, must be adapted to the 
patient’s response, may facilitate stability for movement in another place.  
Control of a sequence of movements may require changing of key points as the 





Hand placement is chosen based on the desired response and the clinician 
should make adjustments based on the child’s response. Distal manual contact 
requires more from the patient, while proximal manual contact requires less from 
the patient.  
Specific Sensory Techniques 
Traction, compression, tapping, vibration, oscillations, deep touch, and light 
touch 
Sensory techniques are influenced by: speed of movement, duration, intensity, 
frequency, rate of moving, how long a movement lasts, degree of force or 
energy, rate of repetition 
Upper Extremity Techniques 
Anterior chest elongation, elevated scapula, forearm and fisted hand, active 
reach 
Gait Techniques 
 Weight shift, Prep for standing 
 Ribcage mobility, thoracic extension 
 Pelvis mobility, femur alignment, foot posture/placement 
 Hemi assist techniques, glut med facilitation 
Oral Motor Techniques 





Chapter 3: Appendix III: Johns Hopkins Evidence-Based Practice: Evidence Level 
and Quality Guide (Dang & Dearholt, 2017)  
©The Johns Hopkins Hospital/The Johns Hopkins University. 
Evidence Levels Quality Guides 
Level I  
Experimental study, randomized 
controlled trial (RCT) 
Systematic review of RCTs, with or 
without meta-analysis  
A High quality: Consistent, generalizable 
results; sufficient sample size for the study 
design; adequate control; definitive 
conclusions; consistent recommendations 
based on comprehensive literature review 
that includes thorough reference to scientific 
evidence 
  
B Good quality: Reasonably consistent 
results; sufficient sample size for the study 
design; some control, fairly definitive 
conclusions; reasonably consistent 
recommendations based on fairly 
comprehensive literature review that includes 
some reference to scientific evidence 
  
C Low quality or major flaws: Little 
evidence with inconsistent results; insufficient 
sample size for the study design; conclusions 
cannot be drawn 
Level II  
Quasi-experimental study 
Systematic review of a combination of 
RCTs and quasi-experimental, or quasi-
experimental studies only, with or 
without meta-analysis 
Level III  
Non-experimental study 
Systematic review of a combination of 
RCTs, quasi-experimental and non-
experimental studies, or non-
experimental studies only, with or 
without meta-analysis 
Qualitative study or systematic review 
with or without a meta-synthesis 
Level IV  
Opinion of respected authorities and/or 
nationally recognized expert 
committees/consensus panels based 
on scientific evidence  
  
Includes: 
·       Clinical practice guidelines 
·       Consensus panels 
A High quality: Material officially sponsored 
by a professional, public, private 
organization, or government agency; 
documentation of a systematic literature 
search strategy; consistent results with 
sufficient numbers of well-designed studies; 
criteria-based evaluation of overall scientific 
strength and quality of included studies and 
definitive conclusions; national expertise is 
clearly evident; developed or revised within 
the last 5 years 
  
B Good quality: Material officially sponsored 
by a professional, public, private 
organization, or government agency; 




systematic literature search strategy; 
reasonably consistent results, sufficient 
numbers of well-designed studies; evaluation 
of strengths and limitations of included 
studies with fairly definitive conclusions; 
national expertise is clearly evident; 
developed or revised within the last 5 years 
  
C Low quality or major flaws: Material not 
sponsored by an official organization or 
agency; undefined, poorly defined, or limited 
literature search strategy; no evaluation of 
strengths and limitations of included studies, 
insufficient evidence with inconsistent results, 
conclusions cannot be drawn; not revised 
within the last 5 years 
Level V  




·       Literature reviews 
·       Quality improvement, program 
or financial evaluation 
·       Case reports 
·       Opinion of nationally 




A High quality: Clear aims and objectives; 
consistent results across multiple settings; 
formal quality improvement, financial or 
program evaluation methods used; definitive 
conclusions; consistent recommendations 
with thorough reference to scientific evidence 
  
B Good quality: Clear aims and objectives; 
consistent results in a single setting; formal 
quality improvement or financial or program 
evaluation methods used; reasonably 
consistent recommendations with some 
reference to scientific evidence 
  
C Low quality or major flaws: Unclear or 
missing aims and objectives; inconsistent 
results; poorly defined quality improvement, 
financial or program evaluation methods; 
recommendations cannot be made  
  
Literature Review, Expert Opinion, Case 
Report, Community Standard, Clinician 
Experience, Consumer Preference: 
  
A High quality: Expertise is clearly evident; 
draws definitive conclusions; provides 





B Good quality: Expertise appears to be 
credible; draws fairly definitive conclusions; 
provides logical argument for opinions 
  
C Low quality or major flaws: Expertise is 
not discernable or is dubious; conclusions 
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CHAPTER 4: EVALUATION AND OUTCOMES 
4.1 Evaluation Plan 
The clinical guidelines project was evaluated regularly by key stakeholders 
through weekly meetings to ensure that the guidelines would fill the site-specific needs. 
The clinical guidelines, assessment charts, and other knowledge tools were more formally 
evaluated by the key stakeholders through a 5-question survey provided prior to (Pre-
Capstone Project Survey) and after (Post-Capstone Project Survey) project initiation and 
completion, respectively, as well as a targeted survey for additional feedback (Appendix 
H and I).  
4.2 Outcomes 
4.2.1 How Outcomes were Evaluated 
For the Pre- and Post-Capstone Project Surveys, questions were presented to 3 
experienced occupational therapists (key stakeholders) that asked about the resources 
available at Children’s Specialized Hospital including the following topics: NDT clinical 
guidelines, NDT training resources for use across sites, resources for NDT assessment of 
children with hemiplegic CP, resources on current NDT evidence, and resources for NDT 
treatment fidelity (see text of actual questions in Figure 2). Answer options included no 
(no resources), some (some resources), and yes (yes resources). These were scored as no 
= 0, some = 1, and yes = 2. The minimum total score possible was 0 and the maximum 
total score possible was 30. The survey responses resulted in a total Pre-Capstone Project 
Survey score of 7 and a total Post-Capstone Project Survey score of 29, indicating a 




needs identified (see Figure 2). 
Figure 2. Summary of Key Stakeholders Responses  
(n=3 stakeholders; score range 0–2 on each) 
 
4.2.2 Key Stakeholders Responses to the Pre- to Post-Capstone Project Survey 
Clinical Guidelines: Prior to this project, all key stakeholders agreed that there 




score = 0 out of 6). Following the project, all key stakeholders agreed that there are now 
established clinical guidelines for NDT to be used at Children’s Specialized (score = 6 
out of 6). 
Consistent and Useful NDT Training Resources: Responses from key 
stakeholders on the Pre-Capstone Project Survey indicated that there were resources for 
NDT training already available (lecture covering NDT and handling techniques provided 
to new hires/new students, onsite training, skills labs) (score = 4 out of 6). Their 
responses to the Post-Capstone Project Survey reflect that the newly developed clinical 
guidelines provided an additional contribution to the available training resources. (score = 
5 out of 6). This Post-Capstone survey was conducted before an in-service presentation 
on the guidelines to site occupational therapists, and communication of availability on 
shared computer drive. 
Assessment Psychometrics: Prior to this project, there were some assessment 
resources available, including: clinical guidelines created for constraint induced 
movement therapy (CIMT) and general and psychometric information on six assessments 
(score = 1 out of 6). After the project, key stakeholders commented on how the new 
assessment resources from the NDT clinical guidelines project provides a more 
comprehensive resource on seventeen assessments, as well as recommendations in the 
guidelines to support selection and comparison across assessments (score = 6 out of 6).  
Current Evidence on NDT: Prior to this project, key stakeholders indicated that 
while occupational therapists could access evidence on NDT through independently 




out of 6). Following the project, the key stakeholders indicated a substantial increase in 
access to current evidence on NDT effectiveness (score = 6 out of 6). 
Fidelity to NDT: All key stakeholders agreed that prior to the project, there was 
not a resource to measure treatment fidelity to NDT across treatment sessions and across 
practitioners (score = 0 out of 6). All key stakeholders agreed that through this project a 
resource was provided on NDT treatment fidelity (score = 6 out of 6).  
Key Stakeholders Feedback on the Clinical Guidelines and Other Resources: 
Practicality and Usefulness: Key stakeholders rated the NDT clinical guidelines as 
practical to very practical, and useful to very useful. Specific comments on the 
practicality and usefulness of the guidelines included: 
- “Everyone can access and use the guidelines with the information provided to 
guide their clinical reasoning in OT [occupational therapy] for pediatrics within 
Children’s Specialized Hospital, supporting our role in the development of a CP 
Center of Excellence.” 
- “Well structured, easy to understand” 
- “Practical and organized” 
Assessment Tables: 
All key stakeholders agreed that they can see themselves using the assessment charts to 
inform their decision of assessment for children with hemiplegic CP.  
Barriers to Implementing Guidelines in Practice: 
Two key stakeholders reported that they did not foresee any barriers to implementing 




pose as a barrier. This barrier was addressed through presenting an inservice on the 
guidelines to site occupational therapists, and through uploading the documents to the 
shared computer drive for easy accessibility. 
Benefits of the NDT Clinical Guidelines: 
For benefits of the clinical guidelines, key stakeholders made the following comments: 
- “NDT will have updated information as part of clinical guidelines for 
occupational therapists within the center of excellence for CP at CSH [Children’s 
Specialized Hospital]. Clinicians will be able to inform themselves and each other 
on best clinical practice and clinical decisions for treatment of children with CP.”  
- “Concise – organized – Additionally it provided feedback in using the Johns 
Hopkins format as a guideline format” 
- “I think this will give information about assessments that we may not commonly 
use.”  
Recommendations for the Future: 
Key stakeholders recommended that the clinical guidelines be used as a “stepping stone 
for additional research projects” and as an example for the development of guidelines for 
“additional treatment modalities”.  
Additional Feedback: 
Other comments from the feedback section of the survey include: 
- [Using tools] “developed by Mikayla Conway, we are able to identify main 
components of NDT treatment and use the information to develop sound 





- “The guideline establishment organized current literature and established [the] 
need for additional research.” 
- “I think it [the clinical guidelines and other resources] will be a great thing to use 
and if further work is needed, this is a great document to use to start.” 
- “Easy updates as research expands can be done easily following similar searches 





CHAPTER 5: DISSEMINATION 
5.1 Dissemination Audience 
The target dissemination audience of this project includes the three key 
stakeholders (discussed previously in Chapter 4), the Children’s Specialized Toms River 
occupational therapists, the occupational therapists at other Children’s Specialized sites, 
and the emerging CP Center of Excellence. 
5.2 Key Stakeholders 
 In order to disseminate the findings of this project, the knowledge tools/products 
were presented verbally and provided via email to key stakeholders.  
5.3 Toms River Occupational Therapists 
An inservice on the NDT clinical guidelines (including a PowerPoint 
presentation) was presented to site occupational therapists to disseminate these findings 
more broadly. The knowledge tools/products were uploaded to the shared computer 
drive, so all clinicians will have access to these documents.  
Initially the plan was to create a binder of resources, but key stakeholders and site 
occupational therapists expressed that a binder would likely not be beneficial due to the 
multitude of binders on different topics stored at this site. The preferred method for 
access was to upload the resources to the shared drive. The accessibility of the documents 
was optimized through using linkable Tables of Contents that allows readers to jump 
directly to a specific section for the clinical guidelines and the assessment tables.  
5.4 Occupational Therapists at other Children’s Specialized sites  




and how to inform occupational therapists across the Children’s Specialized sites about 
these new resources.  
5.5 Recommendations for the Future 
The recommendations for the future include: 
● Continue the Action Cycle with tools provided to ensure implementation 
of knowledge in practice 
● Update the clinical guidelines and assessment charts through a continuous 
review process that incorporates: 
○ Feedback from site occupational therapists 
○ Address barriers to knowledge use 
○ Incorporate latest evidence-based research 
○ Incorporate clinical experience and expertise of site occupational 
therapists 
● Investigate additional assessments that may be useful for measure progress 
in children with hemiplegic CP  
○ Look into assessments for infants 
■ One specific suggestion is the Test of Infant Motor 
Performance (mentioned in Bierman et al. (2016)) 
○ Look into the psychometric information on the 2nd edition of the 
Peabody Developmental Motor Scales (PDMS-2). The original 
PDMS was not recommended for use with children with CP, but 




● Pursue high quality clinical research to establish the effectiveness of NDT 
for children with hemiplegic CP 
● Broaden the clinical guidelines to include children with all types of 
cerebral palsy (resources provided to key stakeholders on evidence already 
identified) 
● Use the Knowledge to Action Framework (Graham et al., 2006) for future 
guidelines for other interventions 
● Purchase the Bierman et al. (2016) textbook to serve as a resource for 





CHAPTER 6: CONCLUSION 
6.1 Significance 
This Capstone project focused on addressing the unmet need for practical, 
evidence-based guidelines for the clinical practice of NDT intervention for children with 
hemiplegic CP. This work helps overcome the ambiguity present in the literature 
regarding the benefits of NDT that have arisen due to inconsistencies in research 
methods, including variations in: NDT definitions, intervention protocols and outcome 
measures. By concretely addressing three key treatment issues (regarding essential 
components, clinical effectiveness, and reliable assessments), clinicians are provided with 
the resources to plan, conduct and assess NDT interventions in this patient population. 
The clinical guidelines and resources created through this project were adapted to fit the 
specific needs of occupational therapists at Children’s Specialized Hospital. This project 
is significant in that it provides accessible resources for translating current NDT evidence 
into clinical practice at this site, and supports the creation of the CP Center of Excellence. 
The potential influence of these guidelines extends beyond Children’s Specialized 
Hospital, and the resources created may be beneficial for occupational therapists at other 
sites who also serve children with hemiplegic CP.  
6.2 Implications 
Through this project, eight essential components of NDT practice were proposed 
based on current literature and clinical expertise. These essential components of NDT 
intervention will help increase consistency within and across practitioners, improving 




to measuring treatment fidelity.  
For occupational therapists, it is essential to understand the current state of the 
evidence for interventions that are selected and used with patients. These guidelines also 
provide a summary of the current state of the evidence, which support the need for further 
high-quality research.  
An important piece of clinical practice and of research is selection of appropriate, 
evidence-based assessments. Research on the assessment information and psychometric 
properties of the assessments informed the development of assessment tables, which aid 
in the understanding and selection of assessments that are sensitive to change for children 
with CP.  
6.3 Future Directions 
The component of ongoing review incorporated in this project supports the 
continuous improvement of these guidelines. This allows the guidelines to exist as a 
living document that is transformed both by new literature and clinical experience gained 
from implementation. The guidelines and resources from this project also promote 
increased consistency in methodology for further research on NDT. This may help to 
address the current inconsistencies in the literature by advancing high-quality and 
repeatable research studies on NDT intervention effectiveness for children with 
hemiplegic cerebral palsy. Increased consistency of NDT intervention and assessment 
selection, as well as further research on NDT effectiveness, will help children with 
hemiplegic CP receive the best possible care and will support them in optimizing their 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
   













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix G: Tool To Monitor Knowledge Use 
NDT Clinical Performance Observation Checklist 
  
Name of Therapist: 
Name of Observer: 
Date of Completion: 
Patient’s Name:  
Pre-Observation Information (Clinician) 
Goals of the observation session:  
  
Clinician Techniques/strategies used to reach the goals: 
  
Clinician requests assistance with the following:  
  
  
Score for ratings: 
4 Certainly, I think the therapist intentionally uses this essential component 
3 Probably, I think the therapist intentionally uses this essential component 
2 Doubtful, I don’t think the therapist intentionally uses this essential component 
1 No, I don’t think the therapist intentionally uses this essential component 
  
Essential Component Rating Comments/Evidence for Rating 
Hypothesis Generation (can 
be discussed prior to session, 
stated during session, or 
discussed after session if it 
was an initial evaluation) 
   
Pre-Testing Session 
Outcome 




Preparatory Methods     
Elicits Active Participation 
by Child 
    
Activities are Child-Led     
Therapeutic Handling using 
Key Points of Control 
   
Function-Based Activities     
Home Program 
Development 
   
Prevention of Secondary 
Impairments 
  
    
Post-Test Session Outcome    
Overall NDT-based Session     
  










Appendix H: Pre- and Post-Capstone Project Survey 
Pre- and Post-Capstone Project Survey 
Question Answer (Yes/Some/No) Comments 
1.     Are there established 
clinical guidelines for 
NDT at Children’s 
Specialized? 
    
2.     Are there consistent 
and useful resources to 
train staff on NDT 
intervention across 
multiple CSH sites?  
    
3.     Are there easily 
accessible resources 
available to understand 
the reliability and 
validity of the 
assessments you use 
most often with children 
with CP? 
    
4.     Do you have access 
to current evidence on 
intervention 
effectiveness for NDT?  




5.     Is there a resource to 
measure treatment 
fidelity for NDT across 
treatment sessions and 
across practitioners? 






Appendix I: Additional Feedback Survey 
Additional Feedback Survey 




Circle One:   
Not Practical  /  Somewhat Practical  /  Practical  /  Very Practical 
  
Comments/Recommendations:  




Circle One:  




3.     I can see 
myself using the 
assessment 
charts to inform 
my choice of 
assessment for 
children with 
hemiplegic CP.   
Circle One: 







4.     What barriers 
do you think 
there will be to 
implementing 







5.     What 
benefits do you 
think there will 

















s on how this 
project could be 
improved or 











Appendix J: Executive Summary 
NEURODEVELOPMENTAL TREATMENT FOR CHILDREN WITH 
HEMIPLEGIC CEREBRAL PALSY: CLINICAL GUIDELINES FOR 
OCCUPATIONAL THERAPISTS 
Children’s Specialized Hospital 
Mikayla Conway, OT/s 
Academic Mentor: Leanne Yinusa-Nyahkoon, ScD, OTR/L; Site Mentor: Elke van 
Hooydonk, OTR/L 
Goal of the Project and Background of the Problem 
The goal of this project was to create clinical guidelines for neurodevelopmental 
treatment (NDT) for occupational therapists serving children with hemiplegic cerebral 
palsy (CP). The NDT approach involves hands-on, client-centered, problem-solving to 
address neuromotor impairments, and is commonly used for children with CP (Zanon et 
al., 2018). Clinical data supporting the benefit of NDT for children with CP, especially 
hemiplegic CP, is limited due to inconsistencies in methodology across studies and 
consequently has led to a general lack of high-level evidence. This has led to 
disagreement in the literature regarding the benefit of NDT in children with CP. 
However, several studies published within the last 20 years suggest that the NDT 
approach may be effective as a motor and functional intervention for this patient 






Key Features of Project to Address this Problem 
Evidence-based clinical guidelines for children with hemiplegic CP were created 
through this project that: summarized the current state of the evidence on NDT, provided 
eight essential components of NDT, and included recommendations for reliable, valid, 
and sensitive assessments to track progress during NDT intervention. The eight proposed 
essential components of NDT include: 1) hypothesis generation, 2) pre-testing and post-
testing of the individual session functional outcome, 3) preparatory methods for 
engagement in motor activities, 4) active participation in child-led motor activities, 5) 
therapeutic handling using key points of control, 6) function-based activities, 7) home 
program development, and 8) prevention of secondary impairments. 
Recommendations 
The component of ongoing review incorporated in this project supports the 
continuous improvement of these guidelines. This allows the guidelines to exist as a 
living document transformed both by new literature and clinical experience. The 
guidelines and resources from this project also promote increased consistency in 
methodology for further research on NDT. This may help to address the current 
inconsistencies in the literature by advancing high-quality and repeatable research studies 
on the effectiveness of NDT intervention for children with hemiplegic CP. Increased 
consistency of NDT in clinical practice and selection of sensitive assessments, as well as 
further research on NDT effectiveness, will help children with hemiplegic CP receive the 
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